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1
CATALYSTS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of co-pending U.S. appli-
cation Ser. No. 14/364,722 filed Jun. 12, 2014, herein
incorporated by reference in 1ts entirety for all purposes;
which 1s a national phase application 1n the U.S. based on
PCT/IB2012/056847 filed on Nov. 30, 2012, herein incor-
porated by reference 1n 1ts entirety for all purposes; which 1s
a PCT international application which claimed prionty to
South African application No. 2011/09220 filed on Dec. 14,
2011, herein icorporated by reference 1n 1ts entirety for all
pUrposes.

FIELD OF THE INVENTION

THIS INVENTION relates to catalysts. More particularly,

it relates to a method of preparing a modified catalyst
support, to a method of preparing a catalyst precursor, to a
method of preparing a catalyst, and to a hydrocarbon syn-
thesis process employing the resultant catalyst.

BACKGROUND ART

Hydrocarbon synthesis from hydrogen and carbon mon-
oxide 1n the presence of a Fischer-Tropsch catalyst 1is
commonly known as Fischer-Tropsch (FT) synthesis. FT
synthesis forms part of gas-to-liquds, coal-to-liquids, and
biomass-to-liquids processes 1n which natural gas, coal, and
biomass respectively are usually converted by means of a
three step process into liquid hydrocarbons. The three pro-
cess steps are normally (1) production of synthesis gas (or
‘syngas’) comprising a mixture of hydrogen and carbon
monoxide from natural gas, coal, or biomass respectively,
(11) conversion of the syngas mto a waxy hydrocarbons or
syncrude by means of F1 synthesis, and (111) a hydrocrack-
ing or hydrotreating step to convert the waxy syncrude into
liquid transportation fuels such as diesel, petrol, jet fuel, as
well as naphtha.

During the FT synthesis described in step (11) above the
syngas 1n the form of CO and H, 1s contacted with a FT
synthesis catalyst under FT synthesis conditions to produce
the waxy hydrocarbons. One type of catalyst which 1s often
used 1n low temperature FT (LTFT) synthesis comprises an
active catalyst component such as Co on a catalyst support
such as alumina, silica, titania, magnesia or the like.

Contamination of the waxy hydrocarbon product pro-
duced during F'T synthesis with ultra fine particulate matter
derived from the support such as alumina, and the active
catalyst component such as Co, was experienced. This
resulted 1n loss of the expensive active catalyst component
as well as fouling of the downstream processes described 1n
(111) above with the support and active catalyst component
ultra fine particles. It 1s believed that this wax product
contamination 1s as a result of one or both of: (a) Catalyst
support dissolution during aqueous impregnation of the
catalyst support with the active catalyst component (during
preparation of the catalyst) which may result 1n precipitation
and coating of the bulk support material with a physically
bonded amorphous layer of the support material whereon the
active catalyst component 1s deposited. This amorphous
layer 1s msuthciently anchored and results 1n dislodgement
of and washing out of active catalyst component rich ultra
fine particles during FT synthesis; and (b) The FT synthesis
catalyst 1s susceptible to hydrothermal attack that 1s inherent

10

15

20

25

30

35

40

45

50

55

60

65

2

to realistic FT synthesis conditions. Such a hydrothermal
attack on exposed and unprotected support material will

result 1n contamination of the waxy hydrocarbon product
with ultra fine particulate matter rich in the active catalyst
component.

WO 99/42214, WO 02/07883, WO 03/012008 and U.S.
Pat. No. 7,365,040 all disclose modification of a FT syn-
thesis catalyst support with a modifying component to
reduce the dissolution of the catalyst support in aqueous
environment, including hydrothermal attack, thereby to
reduce the negative eflect of ultra fine particles rich in active
catalyst component contaminating the waxy hydrocarbon
product.

WO 99/42214, WO 02/07883, and U.S. Pat. No. 7,363,
040 all disclose modification of a FT synthesis catalyst
support by impregnation of the support with the modifying
component carried 1n an organic solvent such as ethanol.
Water 1s specifically avoided in order to avoid dissolution of
the support in an aqueous environment during the support
modification process.

WO 2009/049280 discloses modification of a catalyst
support by impregnating the support with a modifying
component carried 1n water. WO 2009/049280 1s not limited
to the preparation of FT catalysts and accordingly the
problem associated with support dissolution 1n an aqueous
medium does not play such an important role 1n that case. It
should be noted that WO 2009/049280 discloses, on page
1’7, that when the use of water 1s compared to the use of
anhydrous ethanol during impregnation of the support with
the modifying component, a lower silicon content on the
support 1s achieved when water 1s used. This 1s accordingly
a disadvantage associated with water as an i1mpregnating
liquid medium.

Most surprisingly, it has now been found that when a
certain mixture of water and an organic solvent was used to
impregnate a modilying component onto a catalyst support,
it may result 1n a higher modifying component content being
deposited on the support compared to when no water 1s used
during impregnation. It thus resulted 1n better utilisation of
the modilying component. This 1s contrary to what 1s
expected from the teachings of WO 2009/049280 set out
above, namely that the use of water 1nstead of ethanol as an
impregnating liquid medium resulted 1n lower usage of the
moditying component. This higher usage of the modifying
component resulted 1n a higher loading of the moditying
component or alternatively less wastage of the moditying
component. It 1s well known that a higher loading of the
moditying component results 1n a lower solubility of the
catalyst support i water. Surprisingly, when specified
amounts of water were used 1n the impregnating liquid
medium, 1t resulted 1n 1improved attrition resistance of the
modified catalyst support compared to the use of only water
(and 1n some cases of only ethanol) as the impregnating
liquid medium.

DISCLOSURE OF THE INVENTION

According to a first aspect of the invention, there 1is
provided a method of preparing a modified catalyst support,
the method comprising

contacting a catalyst support material with a modilying
component precursor 1n an impregnating liquid medium
wherein the impregnating liquid medium comprises a mix-
ture of water and an organic liquid solvent for the modifying
component precursor, which mixture contains less than 17%
by volume water based on the total volume of the impreg-
nating liqumd medium, and the moditying component pre-
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cursor comprises a compound of a modifying component
selected from the group consisting of S1, Zr, Co, Ti, Cu, Zn,
Mn, Ba, Ni, Al, Fe, V, Hf, Th, Ce, Ta, W, La and mixtures
of two or more thereof, thereby to obtain a modifying
component containing catalyst support material; and

optionally, calcining the modifying component containing,
catalyst support material at a temperature above 100° C. to
obtain a modified catalyst support.

It will be appreciated that, 1n one embodiment of the
invention, no calcination above 100° C. of the moditying
component containing catalyst support material takes place
so that the non-calcined modilying component containing
catalyst support material then constitutes the modified cata-
lyst support. In other words, a non-calcined modified cata-
lyst support 1s then produced.

In an alternative embodiment of the invention, calcination
above 100° C. of the modifying component containing
catalyst support material takes place to provide the modified
catalyst support 1n the form of a calcined modified catalyst
support.

According to a second aspect of the invention, there 1s
provided a method of preparing a catalyst precursor, the
method comprising,

contacting a catalyst support material with a modifying
component precursor 1 an impregnating liquid medium
wherein the impregnating liquid medium comprises a mix-
ture of water and an organic liquid solvent for the modifying,
component precursor, which mixture contains less than 17%
by volume water based on the total volume of the impreg-
nating liquid medium, and the modifying component pre-
cursor comprises a compound of a modilying component
selected from the group consisting of S1, Zr, Co, T1, Cu, Zn,
Mn, Ba, Ni, Al, Fe, V, Hf, Th, Ce, Ta, W, La and mixtures
of two or more thereof, thereby to obtain a modilying
component containing catalyst support material;

optionally, calcining the moditying component containing,
catalyst support material at a temperature above 100° C. to
obtain a modified catalyst support; and

introducing a precursor compound of an active catalyst
component onto and/or into (1) the catalyst support material
prior to contacting the catalyst support material with the
modifying component precursor; (11) the modifying compo-
nent containing catalyst support material; and/or (111) the
modified catalyst support, thereby to obtain a catalyst pre-
CUrsor.

It will be appreciated that in one embodiment of the
invention no calcination above 100° C. of the modilying
component containing catalyst support material takes place
so that the non-calcined modilying component containing
catalyst support material then constitutes the modified cata-
lyst support. In other words, a non-calcined modified cata-
lyst support 1s then produced.

In an alternative and preferred embodiment of the inven-
tion, calcination above 100° C. of the modifying component
containing catalyst support matenal takes place to provide
the modified catalyst support in the form of a calcined
modified catalyst support.

It will be appreciated that when the precursor compound
of the active catalyst component 1s mtroduced onto and/or
into the modified catalyst support it may be onto and/or into
the non-calcined modified catalyst support or the calcined
modified catalyst support. Preferably the active catalyst
component 1s introduced onto and/or into the calcined
modified catalyst support.

The Impregnating Liquid Medium

The impregnating liquid medium thus contains less than
1'7% by volume water. Preferably, however, the impregnat-
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ing liquid medium contains less than 12% by volume water;
preferably not more than 10% by volume water. Preferably,
the impregnating liquid contains at least 0.4% by volume
water, preferably more than 0.4% by volume water, prefer-
ably at least 2.5% by volume water, preferably at least 3%
by volume water.

The organic liquid solvent may comprise a liquid organic
compound which includes at least one heteroatom selected
from oxygen or nitrogen. When the heteroatom 1s oxygen, 1t
may be part of an oxygen containing group selected from an
alcohol, a ketone, an aldehyde, an ether, an ester, a glycol,
an acid (including an organic acid) and a mixture of two or
more thereol. Preferably the oxygen containing liquid
organic compound 1s an alcohol, and preferably 1t 1s C1 to
C10 alcohol, preferably a C1 to C3 alcohol. Preferably the
alcohol includes a single OH group and preferably the
alcohol 1s ethanol. Alternatively the oxygen containing
liquid organic compound may be selected from the group
consisting of ethyl acetate and acetone. When the heteroa-
tom 1s nitrogen, the nitrogen containing organic compound
may be acetonitrile. The organic liquid solvent may com-
prise a mixture of organic compounds, preferably a mixture
of organic compounds as described above.

In one embodiment of the mvention, the organic liquid
solvent may be a polar solvent. In one embodiment of the
invention, the organic liquid solvent may have a boiling

point of not more than 97° C., preferably not more than 80°
C.

The Catalyst Support Matenal
The catalyst support material that 1s contacted with the
modilying component precursor may be selected from the
group consisting of a catalyst support precursor which 1s
convertible to a catalyst support upon calcination thereof;
and a catalyst support.

When the catalyst support material 1s a catalyst support
precursor, 1t may be a compound which, upon calcination,
converts to a catalyst support in the form of an oxide,
preferably a metal oxide. Preferably, the metal oxide 1s an
oxide of a metal selected from the group consisting of Al, Si,
T1, Mg, Zr and Zn. More particularly, the catalyst support
precursor may then comprise an aluminium compound
which converts to one or more aluminium oxides upon
calcination. Preferably, the aluminium compound 1is
Al(OH);, such as gibbsite and/or bayerite and/or AIO(OH),
and more preferably 1t 1s boehmite. The catalyst support
precursor may be shaped into particulate form after the
introduction of the modifying component precursor onto
and/or to the catalyst support precursor and before calci-
nation thereof. The shaping may, for example, be carried out
by means of spray drying. Prior to shaping the catalyst
support precursor, 1t may be partially dried. The resulting
shaped product may then be subject to the calcination above
400° C. This calcination preferably takes place prior to
introducing the catalyst precursor compound onto and/or
into the shaped product. In order to achieve a desired particle
s1ize distribution, classification may be performed on the
shaped particulate product, using, for example, cyclones or
S1eVes.

However, the catalyst support material 1s preferably a
catalyst support. The catalyst support may then be any
catalyst support suitable for supporting thereon the active
catalyst component or a precursor compound of the active
catalyst component. The catalyst support 1s preferably suit-
able for use as a support in a catalyst for synthesising
hydrocarbons and/or oxygenates of hydrocarbons from at
least hydrogen and carbon monoxide, particularly a Fischer-

Tropsch (FT) synthesis catalyst. The FT synthesis catalyst




US 9,539,567 B2

S

may be for use 1n a process to be performed 1n a fixed bed
reactor, slurry bed reactor or even a fixed fluidized bed
reactor. Preferably, the process 1s to be performed 1n a three
phase slurry bed FT synthesis reactor.

The catalyst support 1s usually a porous support, and
preferably it 1s also preshaped. The porous support prefer-
ably has an average pore diameter from 8 to 50 nanometers,
more preferably from 10 to 15 nanometers. The pre-shaped
support may be a particulate support, preferably with an
average particle size of from 1 to 500 micrometers, more
preferably from 10 to 250 micrometers, and still more
particularly from 45 to 200 micrometers.

The catalyst support may be selected from the group
consisting of alumina in the form of one or more aluminium
oxides; silica (S10,); titamia (T10,); magnesia (MgQO); zir-
conium oxide (Zr0O,), zinc oxide (Zn0O); and mixtures
thereol. Preferably, the support 1s selected from the group
consisting of alumina 1n the form of one or more aluminium
oxides and titama (110,). More preferably, the support 1s
alumina in the form of one or more aluminium oxides.

The one or more aluminium oxides may be selected from
the group including (preferably consisting of) gamma alu-
mina, theta alumina and a mixture of two or more thereof.
Preferably the group includes, or, more preferably, consists
of, gamma alumina, theta alumina and a mixture of gamma
alumina and theta alumina. The aluminium oxide catalyst
support may be that obtainable under the trademark Puralox,
preferably Puralox SCCa 150, from SASOL Germany
GmbH. Puralox SCCa 150 1s a spray-dried aluminium oxide
support consisting ol a mixture of gamma and theta alu-
minium oxide.

The aluminium oxide may be a crystalline compound
which can be represented by the formula Al,O,.xH,O where
0<x<1. The term ‘aluminium oxide’ thus excludes AI{(OH);,
and AIO(OH), but includes compounds such as gamma,
delta and theta alumina.

The Moditying Component Precursor

The modifying component precursor may comprise an
inorganic compound of the modifying component. Prefer-
ably however, the modifying component precursor includes
one or more organic groups bound to the modifying com-
ponent. Preferably one or more, but preferably all, organic
groups are bound to the modilying component via an oxygen
atom. Preferably all the groups bound to the modifying
component are organic groups and preferably all said
organic groups are bound to the moditying component via an
oxygen atom.

In a preferred embodiment of the invention some, but
preferably all, the organic groups are of the formula
—(O)—R where R 1s an organic group. R may be an acyl,
an aryl, an heteroaryl, a cyclic compound (including a
heterocyclic compound) or a hydrocarbyl group, preferably
a hydrocarbyl group, preferably an alkyl group, preferably
an alkyl group with not more than ten carbon atoms, and
preferably an alkyl group with not more than three carbon
atoms. Alternatively, R may be of the formula —OR" where
R" may be a hydrocarbyl group, preferably an alkyl group,
preferably an alkyl group with not more than ten carbon
atoms, and preferably an alkyl group with not more than
three carbon atoms.

The modifying component may be selected from the
group consisting of S1, Zr, T1, Cu, Zn, Mn, Ba, N1, Al, V, W,
La and mixtures of two or more thereof.

Preferably the modifying component 1s selected from the
group consisting of S1, T1 and Zr.

In a preferred embodiment of the mvention, the modify-
ing component 1s S1. Preferably the modifying component
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precursor 1s then an organic silicon compound, preferably of
the formula S1{(OR), where R 1s an organic group. Preferably
R 1s an alkyl or acyl group. Preferably the modifying
component precursor 1s then tetra ethoxy silane (TEOS) or
tetra methoxy silane (TMOS).

In another embodiment of the invention, the modilying
component may be Zr. The moditying component precursor
may then be an organic zirconium compound, preferably of
the formula Zr(OR), where R 1s an organic group. Preferably
R 1s an alkyl or acyl group. Preferably the modifying
component precursor 1s then a zirconium alkoxide, for
example zirconium 1sopropoxide (Zr(OCH(CH5),),.

In yet another embodiment of the invention, the modify-
ing component may be Ti. The moditying component pre-
cursor may then be an organic titanium compound, prefer-
ably of the formula Ti(OR), where R 1s an organic group.
Preferably R 1s an alkyl or acyl group. Preferably the
moditying component precursor 1s then a titanium alkoxide,
for example titanium tetrabutoxide.

Contacting of the Catalyst Support Material with the
Moditying Component Precursor

By contacting the catalyst support material with the
modilying component precursor in the impregnating liquid
medium, the modifying component precursor 1s thus intro-
duced into and/or onto the catalyst support material by
means of impregnation. The impregnation may be incipient
wetness 1mpregnation, but preferably 1t i1s slurry phase
impregnation.

The impregnation by means of the impregnating liquid
medium 1s preferably carried out at a temperature above 25°
C. The temperature may be at or near the boiling point of the
impregnating liquid medium. The impregnation may be
carried out for a period from 1 minute to 20 hours, preferably
from 1 minute to 5 hours. The impregnation may be effected
at atmospheric pressure.

After impregnation the excess impregnating liquid
medium may be removed, preferably at sub-atmospheric
conditions, preferably from 0.01 to 0.1 bar(a). The removal
1s preferably carried out at temperature above 25° C.,
preferably at or near the boiling point of the impregnating
liquid medium.

During 1mpregnation, suflicient impregnating liquid
medium may thus be used to cause conditions of 1ncipient
wetness, alternatively conditions of slurry impregnation.

Optional Calcination of the Modifying Component Con-
taining Catalyst Support Material

This calcination, when employed, 1s thus eflected at a
temperature above 100° C., preferably at a temperature of at
least 150° C. preferably at least 450° C. Where the modi-
tying component 1s Si, the calcination 1s preferably not
cllected at a temperature above 550° C. The calcination may
be for a period from 1 minute to 12 hours, preferably from
10 minutes to 4 hours.

The calcination may be eflected in a non-reducing gas,
preferably 1n an oxygen containing gas, preferably in air.

Preferably the calcination results in decomposition of the
modifying component precursor. Preferably, during calcina-
tion the modifying component precursor 1s converted to an
oxide of the modifying component.

Introducing the Precursor Compound of the Active Cata-
lyst Component

The active catalyst component may be a known compo-
nent active for hydrocarbon synthesis process (preferably a
FT synthesis process), and may be selected from the group
consisting of cobalt (Co), 1ron (Fe), nickel (N1) and ruthe-
nium (Ru). Cobalt (Co) 1s preferred.
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The precursor compound may thus be any suitable com-
pound of the active catalyst component. Preferably, 1t 1s an
inorganic compound, more preferably an inorganic salt of
the active catalyst component. The catalyst precursor com-
pound may be cobalt nitrate, and particularly 1t may be
Co(NO,),.6H,0.

The precursor compound may be introduced by any
suitable manner, but preferably it 1s by means of impregna-
tion. Preferably, the modified catalyst support or the catalyst
support material 1s impregnated with the catalyst precursor
compound by forming a mixture of the precursor compound;
a liquid carrier for the precursor compound; and the modi-
fied catalyst support or the catalyst support material.

The liquid carrier may comprise a solvent for the precur-
sor compound and preferably the precursor compound 1s
dissolved i1n the liquid carrier. The liquid carrier may be
walter.

The mmpregnation may be eflected by any suitable
impregnation method, including incipient wetness impreg-
nation or slurry phase impregnation. Slurry phase impreg-
nation 1s preferred. Preferably, the precursor compound 1s
dissolved in the liquid carrier 1n order that the volume of the
solution 1s greater than xy liter, which solution 1s then mixed
with the modified catalyst support or the catalyst support
material, and wherein x 1s the BET pore volume of the
modified catalyst support or the catalyst support material in
I’kg support, and v 1s the mass of modified catalyst support
or catalyst support material to be impregnated 1n kg. Pret-
erably the volume of the solution 1s greater than 1.5xy liter,
and preferably 1t 1s about 2xy liter.

The impregnation may be carried out at sub-atmospheric
pressure, preferably below 85 kPa(a), preferably at 20
kPa(a) and lower. Preferably the impregnation 1s also carried
out at a temperature above 25° C. The impregnation tem-
perature may be above 40° C., preferably above 60° C., but
preferably not above 95° C.

The impregnation may be followed by partial drying of
the impregnated support, preferably at a temperature above
25° C. The drying temperature may be above 40° C.,
preferably above 60° C., but preferably not above 95° C.
Preferably the partial drying may be eflected at sub-atmo-
spheric conditions, preferably below 85 kPa(a), preferably at
20 kPa(a) or lower.

In one embodiment of the invention, the impregnation and
partial drying of the modified catalyst support or the catalyst
support material may be carried out using a procedure which
includes a first step wherein the modified catalyst support or
the catalyst support material 1s 1mpregnated (preferably
slurry 1mpregnated) with the precursor compound at a
temperature above 25° C., and at sub-atmospheric pressure,
and the resultant product 1s dried; and at least one subse-
quent step wherein the resulting partially dried impregnated
modified catalyst support or catalyst support material of the
first step 1s subjected to treatment at a temperature above 25°
C., and sub-atmospheric pressure such that the temperature
of the subsequent step exceeds that in the first step and/or the
sub-atmospheric pressure 1n the subsequent step 1s lower
than that in the first step. This two step impregnation
procedure may be as described 1n WO 00/20116, which 1s
incorporated herein by reference.

A dopant capable of enhancing the reducibility of the
active catalyst component may also be introduced onto
and/or into the modified catalyst support or the catalyst
support material. The dopant may be introduced during or
alter the introduction of the catalyst precursor compound
onto and/or into the modified catalyst support or the catalyst
support material. The dopant may be introduced as a dopant
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compound which 1s a compound of a metal selected from the
group including palladium (Pd), platinum (Pt), ruthenium
(Ru), rhentum (Re) and a mixture of two or more thereof.
Preferably, the dopant compound 1s an inorganic salt, and 1t
1s preferably soluble in water. The mass proportion of the
metal of the dopant to the active catalyst component metal
may be in the ratio of 0.01:100 to 3:100.

The partially dried catalyst support with the catalyst
precursor compound thereon and/or therein may be calcined.
The calcination may be effected 1n order to decompose the
catalyst precursor compound and/or causing 1t to react with
oxygen. For example, cobalt nitrate may be converted into
a compound selected from CoO, CoO(OH), Co,0,, Co,0,
or a mixture of two or more thereof.

The calcination may be carried out 1n any suitable manner
such as 1n a rotary kiln, but preferably 1t 1s carried out 1n a
fluidised bed reactor.

The calcination may be carried out in an 1nert atmosphere,
but preferably 1t 1s carried out in the presence ol oxygen,
more preferably 1n air.

Preferably the calcination 1s carried out at a temperature
above 95° C., more preferably above 120° C., still more
preferably above 200° C., but preferably not above 400° C.,
more preferably not above 300° C. This 1s especially the
case where Co 1s the active catalyst component.

The calcination may be carried out by using a heating rate
and an air space velocity that comply with the following
criteria:

(1) when the heating rate 1s =1° C./min, the air space
velocity is at least 0.76 m,>/(kg Co(NO,),.6H,O)/h; and

(11) when the heating rate 1s higher than 1° C./min, the air
space velocity satisfies the relation:

log 20 —log 0.76
2

log(space velocity) = log 0.76 + log(heating rate)

The above conditions for air space velocity and heating
rate are especially applicable where Co 1s the active catalyst
component.

The impregnation, the partial drying and calcination may
be repeated to achieve higher loadings of the catalyst
precursor compound on the catalyst support or the catalyst
support material. In one embodiment of the invention, a first
impregnation, drying and calcination procedure may be
followed by a partial reduction procedure of the calcined
material; and the partially reduced material may then be
subjected to a further impregnation, drying and calcination
procedure. The partial reduction procedure may be executed
with a final temperature of between 100° C. and 300° C.,
especially 1n the case where Co 1s the active catalyst
component.

In one embodiment of the invention, the catalyst precur-
sor may be prepared by a method which includes, 1n a first
preparation step, impregnating the modified catalyst support
or the catalyst support material with an organic metal
compound of the active catalyst component in a carrier
liquid, at least partially drying the impregnated support or
support material, and calcining the at least partially drnied
impregnated support or support material, to obtain a cal-
cined intermediate; and in a second preparation step,
impregnating the calcined intermediate from the {irst
impregnation step, with an mnorganic metal salt of the active
catalyst component 1 a carrier liquid, at least partially
drying the impregnated support, and calcining the at least
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partially dried impregnated support, to obtain the catalyst
precursor. The organic metal compound may be an organic
cobalt compound.

The catalyst precursor may have reduced dissolution 1n an
aqueous environment, preferably an acidic aqueous envi-
ronment.

Catalyst

According to a third aspect of the invention, there 1s
provided a method of preparing a catalyst, which includes
preparing a catalyst precursor using the method of the
second aspect of the mvention; and reducing the catalyst
precursor, thereby activating the catalyst precursor and
obtaining the catalyst. The reduction of the catalyst precur-
sor preferably includes treating 1t with a reducing gas to
activate 1t. Preferably, the reducing gas i1s hydrogen or a
hydrogen containing gas. The hydrogen containing gas may
consist of hydrogen and one or more inert gases which are
iert in respect of the active catalyst. The hydrogen con-
taining gas preferably contains at least 90 volume % hydro-
gen.

The reducing gas may be contacted with the catalyst
precursor 1n any suitable manner. Preferably the catalyst
precursor 1s provided 1n the form of a bed with the reducing
gas being caused to flow through the bed of particles. The
bed of particles may be a fixed bed, but preferably 1t 15 a
fluidised bed and preferably the reducing gas acts as the
fluidising medium for the bed of catalyst precursor particles.

The reduction may be carried out at a pressure from 0.6
to 1.5 bar(a), preterably from 0.8 to 1.3 bar(a). Alternatively
the pressure may be from 1.5 bar(a) to 20 bar(a). Preferably,
however, the pressure 1s at about atmospheric pressure.

The reduction 1s preferably carried out at a temperature in
excess ol 25° C. above that at which the catalyst precursor
will be reduced to an active form. Preferably, the activation
1s carried out at a temperature above 150° C., and preferably
below 600° C., especially where the active catalyst compo-
nent 1s cobalt. Preferably the reduction 1s carried out at a
temperature below 500° C., more preferably below 450° C.

During activation the temperature may be varied, and
preferably it 1s increased to a maximum temperature as set
out above.

The flow of the reducing gas through the catalyst bed 1s
preferably controlled to ensure that contaminants produced
during reduction are maintained at a sufliciently low level.
The reducing gas may be recycled, and preferably the
recycled reducing gas 1s treated to remove one or more
contaminants produced during reduction. The contaminants
may comprise one or more ol water and ammonia.

The activation may be carried out 1n two or more steps
during which one or both of the heating rate and the space
velocity of the reducing gas 1s varied.

In one embodiment of the invention, the active catalyst
may be coated by introducing a mixture of active catalyst
particles and a coating medium in the form of molten
organic substance, which 1s at a temperature T,, and which
sets or congeals at a lower temperature T, so that T,<T,, into
at least one mould; and at least partly submerging the mould
in a cooling liquid, so as to cool the organic substance down
to a temperature 15, where T,<T,.

During the activation the water partial pressure 1s prefer-
ably kept as low as possible, more preferably below 0.1
atmosphere. The hydrogen space velocity may be from 2 to
4 liters per hour per gram of catalyst.

Hydrocarbon Synthesis

According to a fourth aspect of the present invention,
there 1s provided a hydrocarbon synthesis process which
comprises preparing a catalyst using the process of the third
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aspect of the invention; and contacting hydrogen with car-
bon monoxide at a temperature above 100° C. and a pressure
of at least 10 bar with the catalyst so prepared, to produce
hydrocarbons and, optionally, oxygenates of hydrocarbons.

-

The temperature may be from 180° C. to 250° C., more
preferably from 210° C. to 240° C. The pressure more
preferably may be from 10 bar to 70 bar.

Preferably, the hydrocarbon synthesis process 1s a Fis-
cher-Tropsch process, more preferably a three phase Fis-
cher-Tropsch process, still more preferably a slurry bed
Fischer-Tropsch process for producing a wax product.

The hydrocarbon synthesis process may also include a
hydroprocessing step for converting the hydrocarbons and,
optionally, oxygenates to liquid fuels and/or chemicals.

The present mvention extends also to products produced

by the hydrocarbon synthesis process of the fourth aspect of
the 1vention.

The 1nvention will now be described 1n more detail with

reference to the drawings and the following non-limiting
examples:

FIG. 1 shows, for Example 13, the Si-utilisation for Si
modification of Puralox SCCa-2/150, as a function of the
water concentration during the modification procedure;

FIG. 2 depicts, for Example 13, the Delta D, , values as a
function of the water concentration during the silicon modi-
fication procedure of the Puralox SCCa-5/130;

FIG. 3 shows, for Example 14, the cumulative Al disso-
lution as a function of time for S1 modified catalyst support
maternials not applying water addition, as well as applying
water addition; and

FIG. 4 shows, for Example 37/, the cumulative Al disso-
lution as a function of time for the modified catalyst support

maternals of Examples, 12, 23, 24, 29 and 30.

EXAMPLES

Example 1

Inventive

Gamma alumina Puralox SCCa-5/150 was modified with
S1, using TEOS (tetra ethoxy silane) in a mixture of water
and ethanol as an impregnating liquid medium. TEOS was
added to the solvent mixture of ethanol and water (see Table
1) and stirred for 10 minutes at 60° C. Puralox SCCa-5/150
(50 g) was added to this mixture and stirred for another 10
minutes at 60° C. The mmpregnating liquid medium was
slowly removed while gradually decreasing the pressure
from atmospheric pressure to 80 mbar(a) and maintaining 1t
at 80 mbar(a) until dryness, while the temperature was
maintained at 60° C. By means of calcination at 510° C. for
2 hours 1n atr, the resultant modifying component containing
catalyst support material was thus converted to a calcined
modified catalyst support.

Example 2

Inventive

A modified catalyst support, as described 1n Example 1,
was prepared, but with 2.5 vol % water 1n the total solvent
mixture, 1.¢. 1 the impregnating liquid medium (see Table

).
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Example 3

Inventive

A modified catalyst support, as described 1n Example 1,
was prepared, but with 6 vol % water 1n the total solvent
mixture (see Table 1).

Example 4

Inventive

A modified catalyst support, as described 1n Example 1,
was prepared, but with 7.5 vol % water in the total solvent
mixture (see Table 1).

Example 5

Inventive

A modified catalyst support, as described 1n Example 1,
was prepared, but with 11 vol % water in the total solvent
mixture (see Table 1).

Example 6

Comparative

A modified catalyst support, as described 1n Example 1,
was prepared, but with 17 vol % water 1n the total solvent
mixture (see Table 1).

Example 7

Comparative

A modified catalyst support, as described 1n Example 1,
was prepared, but with 47 vol % water 1n the total solvent
mixture (see Table 1).

Example 8

Comparative

A modified catalyst support, as described 1n Example 1,
was prepared, but with 96 vol % water 1n the total solvent
mixture (see Table 1).

Example 9

Inventive

A modified catalyst support, as described 1n Example 1,
was prepared, but with 6 vol % water 1n the total solvent
mixture (see Table 1).

Example 10

Comparative

A modified catalyst support, as described 1n Example 1,
was prepared, but using ethanol only as solvent (1.e. no water
was used).
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Example 11

Comparative

A modified catalyst support, as described 1n Example 1,
was prepared, but using water only as solvent (1.e. no ethanol
was used).

Example 12

Comparative

The gamma alumina Puralox SCCa-5/150, was not modi-
fied at all.

Example 13

The silicon content of some of the modified catalyst
supports was determined by means of ICP (Inductive
Coupled Plasma) analysis. The silicon utilisation was cal-
culated by dividing the silicon content as analysed by the
silicon content that was aimed for, and multiplied by 100

(see results 1n Table 1 and FIG. 1).

The D, attrition 1index, a single impact test, was utilized
to mvestigate the physical strength of the silica modified
supports. The D,, attrition index 1s determined by using a
Malvern Digisizer 2000. During analysis particles are
impinged onto a steel plate and the amount of breakage gives
an indication of the physical strength of the particles. £2.5
g of sample was used for each analysis. To determine the D, ,
value, two measurements are required, one at an air pressure
setting of 0.15 bar and one at an air pressure setting of 3.0
bar. The D, attrition index value 1s calculated by subtracting
the D, , value at an air pressure of 3.0 bar from the D, value
at an air pressure of 0.15 bar (see results 1n Table 1 and FIG.
2). The D, attrition 1ndex 1s an indication of the attrition
resistance—the lower the value, the better 1s the attrition
resistance.

TABLE 1

Si-utilisation and Delta D, Values of modified catalyst supports.

S1-

EtOH Water TEOS  Target utilisation Delta
Support name (ml) (vol %) (2) % S1 (%0)“ D,y
Ex 1 50 0.4 8.05 2.1 80 2.7
(inventive)
Ex 2 50 2.5 8.05 2.1 84 3.1
(inventive)
Ex 3 50 6 7.2 1.95 97 3.2
(inventive)
Ex 4 50 7.5 8.05 2.1 83 3.6
(inventive)
Ex 5 50 11 8.05 2.1 85 4.5
(inventive)
Ex 6 50 17 8.03 2.1 78 6.3
(comparative)
Ex 7 26 47 7.2 1.95 97 6.3
(comparative)
Ex 8 5 96 7.2 1.95 54 8
(comparative)
Ex 9 50 6 8.05 2.1 87 4.5
(inventive)
Ex 10 50 0 7.2 1.95 80 4.2
(comparative)
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TABLE 1-continued

Si-utilisation and Delta D, Values of modified catalvst supports.

S1-

FtOH Water TEOS  Target utilisation Delta
Support name (ml) (vol %) (g) % S1 (%0)° Do’
Ex 11 0 100 8.05 2.1 27 11.2
(comparative)
Ex 12 0 0 0 0 0 7.5
(comparative)

“Determined from [CP results
PError + 1 unit

It was tfound that the addition of low amounts of water to
the ethanol during the impregnation of TEOS onto the

catalyst support material according to the present invention
resulted i Si-utilisation of at least 80% and usually above
the Si-utilisation of a support with no water addition during,
the support modification process—see FIG. 1 and Table 1.

Furthermore, the addition of low amounts of water
according to the present invention also resulted 1n improved
Si-utilisation compared to examples where very high vol-
umes ol water (comparative Example 8 and Example 11)
and not according to the present invention were used.

Surprisingly, 1t was found that with the increased Si-
utilisation, a consequence of the water addition to the
support modification process, the physical strength or attri-
tion resistance of the supports increased (despite the use of
water during the modification process) as seen in the
decrease 1n the Delta D, , values, indicating a lower tendency
for break-up of the modified catalyst support (FIG. 2).

However, the Delta D,, values of the modified catalyst
support gradually increased with higher water content 1n
excess of 11 vol %. At a water content of 17 vol % the Delta
D, values increased to D, ,=6.3, showing no attrition resis-
tance benefits 1n modifying the catalyst support material
with silica, as Puralox SCCa-5/150, exhibited D, ,=7.5. Thus
the physical strength of the supports decreased showing
higher tendency for break-up with increased water content at
or above 17 vol %, as 1llustrated 1n FIG. 2. A further increase
in water addition to 96% (Example 8) and using water only
(Example 11) had a significant negative impact on the
attrition resistance of the silica modified catalyst support, as
can be seen from the high Delta D,,, at 8 and 11 respec-
tively. In the presence of excess water two distinct phases
could be observed, due to the immaiscible nature of the TEOS
and the water.

Example 14
Conductivity Measurements

Alumina dissolves in an aqueous medium at low pH. The
dissolution of alumina results 1n the formation of aluminium
10ons. As more and more alumina dissolves, the concentration
ol aluminium increases with time. An 1ncrease 1 aluminium
with time was followed by monitoring the conductivity at a
constant pH of 2. The pH was kept constant by automated
addition of a 10% nitric acid solution.

FIG. 3 shows the cumulative Al dissolution as a function
of time for S1 modified catalyst support materials not apply-
ing water addition (Example 10), as well as applying water
addition (Example 5 and Example 9).

It can be seen that the modified support material with no
water addition, dissolved faster compared to the modified
support material with the addition of water during the
modification step.
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Example 15

Inventive

A modified catalyst support, as described 1n Example 1
was prepared. The water content 1n the total solvent mixture
was 6 vol %, while the ethanol was replaced with ethyl
acetate.

Example 16
Inventive
A modified catalyst support, as described 1n Example 1

was prepared. The water content 1n the total solvent mixture
was 6 vol %, while the ethanol was replaced with acetone.

Example 17
Inventive

A modified catalyst support, as described 1n Example 1
was prepared. The water content 1n the total solvent mixture
was 6 vol %, while the ethanol was replaced with acetoni-
trile.

Example 18
Inventive

D, attrition index values of the modified support samples
with different organic solvents at 6 vol % water were
determined (in the same manner as in Example 13) and are
shown 1n Table 2.

TABLE 2

The Delta D, values of the modified catalyst
supports prepared using different solvents.

Solvent Water TEOS Target  Delta
Support name (50 ml) (vol %0) (g) % S1 D,,*
Ex 3 Ethanol 6 7.2 1.95 3.2
(inventive)
Ex 15 Ethyl acetate 6 7.2 1.95 4.6
(inventive)
Ex 16 Acetone 6 7.2 1.95 3.6
(inventive)
Ex 17 Acetonitrile 6 7.2 1.95 4.8
(inventive)

“Error = 1 unit

As can be seen from Table 2, the change in solvent did not
significantly influence the Delta D, value of the modified
catalyst support.

Example 19
Inventive

Puralox SCCa-5/150 was evacuated to remove air from
the pores. Onto this material, Puralox SCCa-5/150 (100 g),
a mixture of water (1.43 ml), ethanol (28.6 ml) and TEOS
(16.1 g) was mmpregnated (using the incipient wetness
technique), targeting 6 vol % water and Si-loading of 2%.
The mixture was stirred at 60° C. for 10 minutes until a free
flowing powder was obtained. The resulting material was
slowly dried by gradually decreasing the pressure from
atmospheric pressure to 80 mbar(a) and maintaining 1t at 80
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mbar(a), while the temperature was maintained at 60° C. By
means of calcination at 510° C. for 2 hours 1n air, the catalyst

support material was converted to a modified catalyst sup-
port.

The Delta D,, attrition index values of the modified

support samples using slurry and incipient wetness impreg-
nation were determined (see Table 3).

TABLE 3

The Delta D, values of the modified catalyst supports prepared
usimmg slurry and incipient wetness impregnation.

Solvent Water TEOS  Target Delta
Support name (ml) (vol %) (g) % S1 Dy
Ex 9 inventive 50 6 8.05 2.1 4.5
(slurry impregnation)
Ex 19 Inventive 28.6 6 8.05 2.1 4.6

(incipient wetness
impregnation)

“Error = 1 unit

The change 1n 1impregnation method did not influence the

attrition resistance of the support, as indicated by the similar
Delta D, , values for the modified catalyst supports.

Example 20

According to Invention

A cobalt based Fischer-Tropsch synthesis catalyst precur-
sor with the composition 30 gCo/0.075 gPt/100 gSupport
was prepared on a modified catalyst support. The modified
catalyst support was prepared as described i Example 1,
with 5 vol % water 1n the total solvent mixture containing
1.6 wt % S1, with 90% Si-utilisation.

The catalyst precursor was prepared as follows: In a first
impregnation stage, Co(NO,),.6H,O (39.5 g) and [Pt(NH,).,
(NO,),] (0.0248 g) were dissolved in 50 ml of distilled
water. To the mixture, 50 g of the Si-modified support was
added and the water was driven off by adopting the drying
profile shown 1n Table 4. Once dry, the sample was calcined
at 250° C. using a fluidised bed with a tlow of air for 6 hours.
Then, 1 a second impregnation stage, the above steps were
repeated using Co(INO,),.6H,O (28.4 g) and [Pt(NH,),
(NO5),] (0.0407 g) dissolved 1n 50 ml of distilled water, and
to which 350 g of the calcined maternial from the first
impregnation stage were added; thereafter, a stmilar drying

profile as tabled in Table 4 below was adopted to dry the
sample. The dry material was then calcined at 250° C. for

another 6 hours 1n the same manner as for the first impreg-
nation stage.

TABLE 4
Pressure/mbar Temperature/° C. Duration/min
Atm 60 10
260 60 30
260 75 90
260 85 60
50 83 180
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Example 21

Comparative

A cobalt based Fischer-Tropsch synthesis catalyst precur-
sor was prepared in the same manner as 1 Example 20,
however, onto the modified catalyst support according to
Example 10.

Example 22

Cobalt catalyst precursors of Examples 20 and 21 were
reduced prior to Fischer-Tropsch synthesis in a tubular
reactor at a hydrogen space velocity of 200 ml hydrogen/
2 ararsl @nd atmospheric pressure. The temperature was
increased to 425° C. at 1° C./min, after which 1sothermal
conditions were maintained for 16 hours.

Between 10 g and 30 g of the resultant reduced catalyst,
ranging between 38 um to 150 um, was suspended 1n 300 ml
molten wax and loaded 1n a CSTR with an internal volume
of 500 ml, under a nitrogen blanket.

The pressure was increased to 18 bar and the temperature
to 230° C., where aifter the synthesis was introduced. The
synthesis feed gas consisted of hydrogen and carbon mon-
oxide, and contained 10% argon as an 1nternal standard. This
reactor was electrically heated and sufliciently high stirrer
speeds were employed so as to eliminate any gas-liquid
mass transier limitations. The feed tlow was controlled by
means of Brooks mass flow controllers, and space velocities
ranging from 2 and 4 m3ﬂ/kgmmyﬂh were used.

Further details about the experimental conditions for the

Fischer-Tropsch synthesis process and the FT performance
alter 8 days on-line are presented 1n Table 3.

TABLE 5

The experimental conditions for the Fischer-Tropsch synthesis
process and the FT performance after 8 days on-line.

Ex 20 Ex 21
(1nventive) (comparative)
Modified catalyst support 5 vol % water, No water,

targeted 1.7 wt % Si1, targeted 1.95 wt % Si,
containing 1.6 wt % containing 1.6 wt %
S1, 90% Si-utilisation.  Si1, 80% Si-utilisation

Time on-line (days) 8 8

Reactor pressure (bar) 18.1 18.4
Reactor temperature 230 230
(* C.)

Clean syngas with 1.6 1.6
H-/CO-ratio

Reactor Partial

Pressures (bar)

H, 4.7 4.8
CO 3.9 4.2
H-,0 4.3 4.3
Syngas conversion (%o) 61 60
Activity 1.0 1.0
(relative to example 21)

CH, selectivity 6.1 6.2

(C-atom %)

It can be seen from Table 5 that the Fischer-Tropsch
performance of the catalyst containing the TEOS/ethanol/
water modified catalyst support (Example 20) 1s comparable
to the catalyst containing the TEOS/ethanol modified cata-
lyst support (Example 21). Due to the increased silicon
utilisation, a consequence of the water addition, the targeted

TEOS was lowered, 1.e. less TEOS was added, to eflect
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similar S1 loadings, which in-turn did not negatively influ-
ence FT performance of the catalyst.

In general, the examples have thus shown that support
modification can be improved by using water/organic sol-
vent mixtures with not more than 20% water, which >
improved the mechanical strength and the S1 utilisation of
the support, without aflecting the FT performance.

Example 23
10

Comparative

Gamma alumina Puralox SCCa-150 (B31624) was modi-

fied with Ti, using Ti(O'Bu), (titanium tetrabutoxide) dis-
solved 1n a solvent mixture (impregnating liquid medium) of 1
ethanol and 19 vol % acetic acid. Ti(O’Bu), was added to the
solvent mixture (see Table 6) and stirred for 10 minutes at
60° C. Puralox SCCa-150 (B31634) was added to this
mixture and stirred for another 10 minutes at 60° C. The
solvent mixture was slowly removed with a gradual decrease
of the pressure from atmospheric pressure to 80 mbar and
maintaining it at 80 mbar until dryness, while the tempera-
ture was maintained at 60° C. By means of calcination at
550° C. for 2 hours 1n air, the resultant modifying compo-
nent containing catalyst support material was thus converted
to a calcined modified catalyst support.

S

20

25

Example 24

Inventive 30

A modified catalyst support as described 1n Example 23,
was prepared, but with 5 vol % water 1n the total solvent
mixture, 1.e. in the impregnating liquid medium which thus

comprised ethanol, acetic acid and water (see Table 6). 3

Example 25
Comparative

40

A modified catalyst support as described in Example 23,
was prepared, but with TEOS (tetracthoxy silane) instead of
Ti(O’Bu),, as the modifying agent (see Table 6).

45

Example 26
Inventive

A modified catalyst support as described in Example 23,
was prepared, but with 5 vol % water 1n the total solvent
mixture, 1.e. in the impregnating liquid medium which thus
comprised ethanol, acetic acid and water (see Table 6).

50

Example 27
55

Comparative

A modified catalyst support as described 1n Example 23,
was prepared, but with Zr(O’Pr), (zirconium isopropoxide)

instead of Ti(O'Bu), as the modifying agent (see Table 6). 60

Example 28

Inventive
63
A modified catalyst support as described 1n Example 27,
was prepared, but with 10 vol % water 1n the total solvent

18

mixture 1.¢. 1 the impregnating liquid medium which thus
comprised ethanol, acetic acid and water (see Table 6).

Example 29
Comparative
A modified catalyst support as described 1n Example 25,

was prepared, but no post impregnation calcination step was
performed (see Table 6).

Example 30
Inventive

A modified catalyst support as described in Example 29,
was prepared, but with 5 vol % water 1n the total solvent
mixture 1.€. 1n the impregnating liquid medium which thus
comprised ethanol, acetic acid and water (see Table 6).

Example 31
Comparative

Pural (boehmite phase alumina) was modified with Si,
using TEOS (silicon tetraorthosilicate) i ethanol as an
impregnating liguid medium. TEOS was added to the etha-
nol (see Table 6) and stirred for 10 minutes at 60° C. Pural
was added to this mixture and stirred for another 10 minutes
at 60° C. The solvent was slowly removed with a gradual
decrease 1n the pressure from atmospheric pressure to 80
mbar and maintaining it at 80 mbar until dryness, while the
temperature was maintained at 60° C. By means of calci-
nation at 530° C. for 2 hours 1n atr, the modifying component
containing catalyst support material was thus converted to a
calcined modified catalyst support (Table 6).

Example 32
Inventive

A modified catalyst support as described in Example 31,
was prepared, but with 5 vol % water 1n a solvent mixture
of ethanol and water 1.e. 1n an impregnating liquid medium
which thus comprised ethanol and water (see Table 6).

Example 33
Comparative

Pural (boehmite phase alumina) was calcined at 550° C.
for 2 hours and was not modified at all.

Example 34
Comparative

Titania (spray dried and calcined at 550° C. for 2 hours)
was modified with Si1, using TEOS (silicon tetraorthosili-
cate) dissolved 1n ethanol. TEOS was added to the ethanol
(see Table 6) and stirred for 10 minutes at 60° C. Titania was
added to this mixture and stirred for another 10 minutes at
60° C. The solvent was slowly removed with a gradual
decrease in the pressure from atmospheric pressure to 80
mbar and maintaining it at 80 mbar until dryness, while the
temperature was maintained at 60° C. By means of calci-
nation at 550° C. for 2 hours 1n atr, the modifying component




containing catalyst support material was thus converted to a
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calcined modified catalyst support (see Table 6).

Example 35

Inventive

US 9,539,567 B2

. Example Support
Ex 35 110,
(inventive)

Ex 36 110,

10 |
(comparative)

A modified catalyst support as described 1n Example 34,
was prepared, but with 19 vol % acetic acid and 5 vol %

water 1n the total solvent mixture, 1.e. in an 1mpregnating,
liquid medium which thus comprised ethanol, acetic acid 15

and water (see Table 6).

Example 36

Comparative

20

TABLE 6-continued

Target M- Delta

Water wt %  utilisation Dy
(vol %) Metal M (%) (um)
5 S1 1.6 92 1.0
—  — — — 7.1

The metal utilization and the delta D10 values were
determined 1n the same manner as described in Example 13

Example 37

The cumulative Al dissolution as a function of time was

Titania (spray dried and calcined at 5350° C. for 2 hours),
was not modified at all.

Example

Ex 23
(comparative)
Ex 24
(inventive)
Ex 25
(comparative)
Ex 26
(inventive)
Ex 27
(comparative)
Ex 28
(inventive)
Ex 29
(comparative)
Ex 30
(inventive)
Ex 31
(comparative)
Ex 32
(inventive)
Ex 33
(comparative)
Ex 34

(comparative)

Support

ALO,

AL,

AL,

AlL,O,

AlL,O,

AL,

AL,

boehmite

boehmite

boehmite

TiO,

TABLE 6

Water
(vol %) Metal

0 T
5 T
0 81
5 81
0 Zr
10 Zr
0 Si
5 N1
0 81
5 81
0 Si

Target

wt %

M

2.0

2.0

1.6

1.6

2.0

2.0

1.6

1.6

2.4

2.4

1.6

20
tested as per procedures of Example 14 for samples from
Examples 12, 23, 24, 29 and 30 (see FIG. 4).
Example 38
25
Comparative
30
A cobalt catalyst precursor was prepared in the same
manner as described 1n Example 20, except that the support
of Example 23 was used.
M- Delta
utilisation D >
° Example 39
(“o) (Lm)
84 5.8 Inventive
40
89 4.0 A cobalt catalyst precursor was prepared in the same
manner as described in Example 20, except that the support
70 3] of Example 24 was used.
45
83 3.2 Example 40
> & Comparative
99 4.9 >0 :
A cobalt catalyst precursor was prepared in the same
manner as described in Example 20, except that the support
84 32 of Example 12 was used. TEOS modification, using the
procedure according to Example 25, was performed, except
99 3.1 35 that no calcination at 550° C. was executed.
81 8.5 Example 41
87 6.2 60 Inventive
o 105 A cobalt catalyst precursor was prepared in the same
manner as described in Example 20, except that the support
30 1.5 g5 of Example 12 was used. TEOS modification, using the

procedure according to .

Hxample 26, was performed, except

that no calcination at 550° C. was executed.
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TABLE 7
Water (vol %) Metal Target wt %  Delta
used during used for of support  D;sof Al
support support modifying  catalyst leaching
Example Support modification modification metal (um) (ppm)
Ex 38 Al5O; 0 Ti 2.6 4.7 89
(comparative)
Ex 39 Al,O, 5 Ti 2.6 3.0 11
(inventive)
Ex 40 Al,O; 0 S1 1.6 4.6 58
(comparative)
Ex 41 Al,O, 5 S1 1.6 3.0 19
(inventive)
15

The 1nvention claimed 1s:
1. A method of preparing a catalyst precursor, the method
comprising

contacting a catalyst support material with a modifying
component precursor 1n an impregnating liquid
medium wherein the impregnating liquid medium com-
prises a mixture of water and an organic liquid solvent
for the modifying component precursor, which mixture
contains at least 2.5% by volume water, but less than
12% by volume water based on the total volume of the
impregnating liquid medium, the catalyst support mate-
rial 1s selected from the group consisting of a catalyst
support precursor which 1s convertible to a catalyst
support upon calcination thereof, the catalyst support
being 1n the form of a metal oxide which 1s an oxide of

a metal selected from the group consisting of Al, S1, Ti,
Mg, Zr and Zn; and a catalyst support selected from the
group consisting of alumina in the form of one or more
aluminium oxides, silica (S102), titania (1102), mag-
nesia (MgQO), zircomum oxide (ZrO2), zinc oxide
(Zn0) and mixtures thereol; and the modilying com-
ponent precursor comprises a compound of a modily-
ing component selected from the group consisting of
S1, Zr, Ti, Cu, Zn, Mn, Ba, N1, Al, V, W, La and
mixtures of two or more thereof, thereby to obtain a
modifying component containing catalyst support
material;

optionally, calcining the modifying component containing,
catalyst support material at a temperature above 100°
C. to obtain a modified catalyst support; and
introducing a precursor compound of cobalt (Co) as an
active catalyst component onto and/or mnto (1) the
catalyst support material prior to contacting the catalyst
support material with the modifying component pre-
cursor; (1) the modifying component containing cata-
lyst support material; and/or (111) the modified catalyst
support, thereby to obtain a catalyst precursor.
2. The method according to claim 1, wherein the modi-
fying component containing catalyst support material 1is
calcined at a temperature above 100° C. to obtain a calcined

modified catalyst support, and wherein the precursor com-
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pound of the active catalyst component 1s introduced onto
and/or mto the calcined modified catalyst support.

3. A method of preparing a catalyst, which includes
preparing a catalyst precursor using the method of claim 1;
and reducing the catalyst precursor, thereby activating the
catalyst precursor and obtaining the catalyst.

4. A hydrocarbon synthesis process which comprises
preparing a catalyst using the method of claim 3; and
contacting hydrogen with carbon monoxide at a temperature
above 100° C. and a pressure of at least 10 bar with the
catalyst so prepared, to produce hydrocarbons and, option-
ally, oxygenates ol hydrocarbons.

5. The method according to claim 1, wherein the organic
liquid solvent comprises a liquid organic compound which
includes at least one heteroatom selected from oxygen or
nitrogen.

6. The method according to claim 5, wherein the heteroa-
tom of the liquid organic compound of the organic liquid
solvent 1s oxygen, with the oxygen containing liquid organic
compound being an alcohol.

7. The method according to claim 5 wherein the heteroa-
tom of the liquid organic compound of the orgamic liquid
solvent 1s nitrogen, with the mitrogen containing liquid
organic compound being acetonitrile.

8. The method according to claim 1, wherein the impreg-
nating liquid medium contains not more than 10% by
volume water.

9. The method according to claiam 6 wherein the liquid
organic compound of the organic liqud solvent 1s ethanol.

10. The method according to claim 5 wherein the organic
liquid solvent comprises a mixture of liquid organic com-
pounds.

11. The method according to claim 1, wherein the modi-
ftying component precursor includes one or more organic
groups bound to the modifying component.

12. The method according to claim 1, wherein, by con-
tacting the catalyst support material with the modifying
component precursor in the impregnating liquid medium,
the modifying component precursor 1s thus itroduced into
and/or onto the catalyst support material by means of
impregnation.
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